Coenurosis is a zoonotic disease in a variety of ruminants caused by the metacestode of Taenia multiceps. The coenuri in the brain and spinal cord of sheep and goats have been identified as Coenurus cerebralis whilst those reported in other tissues have been named Coenurus gaigeri. This study was conducted during the spring and summer of 2011. Out of 25 739 goats inspected in slaughterhouses, 23 carcasses (0.09%) revealed one or multiple visible swellings on the different muscles and visceral organs. The coenuri, of variable sizes, were found mainly in the muscles of the thigh, shoulder and neck, and were less common in the abdominal muscles and subcutaneous tissues. Coenuri were also found in the diaphragm, tongue, intercostal muscles, lung, parotid area and tunica adventitia of the aorta in a goat with severe infection. The brains of slaughtered goats that had coenuri in their skeletal muscles were examined and coenuri were found in two specimens (8.69%). The coenuri were located in the occipital lobe, the anterior part of the right cerebrum and the parietal lobe of the left cerebrum. Histopathologically, coenuri in the brain caused pressure atrophy and liquefactive necrosis in the surrounding tissues, hyperaemia, perivascular cuffing, neuronal degeneration, neuronophagia, satellitosis, diffuse microgliosis and astrocytosis. Coenuri in the skeletal muscles caused degenerative and necrotic changes, hyalinisation and myositis. In the lung, tissues around the coenurus revealed atelectasis and focal interstitial fibrosis. In the present study, concurrent occurrence of coenuri in the central nervous system and skeletal muscles supports the hypothesis that C. cerebralis and C. gaigeri are different names for the metacestodes of the same species of tapeworm.
Introduction
Coenurosis (gid or sturdy) is a zoonotic disease caused by the metacestodes of Taenia multiceps in various livestock species. Coenurosis is an economically important disease as it causes serious problems in especially the sheep industry. Taenia multiceps inhabits the small intestine of the definitive hosts, which include dogs and wild carnivores. Carnivores are mainly infected by eating the uncooked offal of domestic animals, in which the larval stages of the tapeworms such as T. multiceps and Echinococcus spp. occur. When vegetation contaminated with eggs is ingested by the intermediate hosts -in this case ruminants -the oncospheres hatch in the small intestine and pass through the intestinal wall to reach the brain via the bloodstream, where they develop further (Soulsby 1982; Verster 1965) . In addition to infecting the brain, the larval stage also develops in the subcutis and muscles, and in the body cavities (Schuster, Sivakumar & Wieckowsky 2010) . Intramuscular and subcutaneous coenuri are referred to as Taenia gaigeri by some authors (Boch & Supperer 1983 ) whilst others regard it as synonymous with T. multiceps (Verster 1969; Verster & Bezuidenhout 1972) . The intermediate host apparently also plays a role in determining the kind of coenurus (Schuster et al. 2010; Soulsby 1982) . Coenurus gaigeri, the metacestode of T. gaigeri has been reported in the subcutaneous tissues of sheep and goats. The morphological features of the coenuri occurring in the brain and other tissues have been reported to be similar (Soulsby 1982) . The metacestode, especially in goats, have been documented with an alternative name, C. gaigeri (Bhalla & Negi 1962; El Sinnari, Tageldin & Sumri 1999; Sharma et al. 1995; Sharma & Chauhan 2006 ). This study was aimed at describing the pathological lesions caused by T. multiceps, the site of predilection, and the size and number of coenuri in different tissues of naturally infected goats.
Materials and methods

Study area
This study was performed in Kerman Province, Iran, during the spring and summer of 2011. The province of Kerman is in the south-east of Iran and covers an area of 181 714 km 2 . The geographical latitude and longitude of this area is 30°15´N and 57°01´E, respectively. Kerman city is located in an arid desert area with a semi-moderate and dry climate. The maximum and minimum temperatures reach 39.6 °C and -7 °C, respectively. Rainfall is irregular and scarce. The density of livestock animals in this area is 33 animals per square kilometre.
Sample collection
The carcasses of 25 739 goats were inspected for coenuri (13 882 in the spring and 11 857 in the summer) at the Kerman slaughterhouse in south-east Iran. The tissue locations, numbers and sizes of coenuri from each goat were recorded. The macroscopic and microscopic lesions of the coenuri were evaluated. The heads of the infected goats were separated from the rest of the carcasses, and after removing the skin, a cross-section was cut through the area just caudal to the frontal bone using a handsaw. This was followed by two parallel cuts on the parietal bone. The bone was removed using a chisel and hammer and the meninges were incised with a scalpel blade to expose the brain. The brain was examined for the presence of coenuri. The spinal cord was examined after the removal of vertebral arches.
Pathological examination
The coenuri and the surrounding tissues were fixed in 10% neutral buffered formalin for histopathological examination. The samples were dehydrated in graded ethanol and embedded in paraffin wax. Sections were cut at 5 μm thickness, mounted on glass slides and routinely stained with hematoxylin and eosin. Each section was examined by light microscopy.
Ethical considerations
The study was approved by the local ethics committee of our faculty, in accordance with the ethics standards of the 'Principles of Laboratory Animal Care'.
Results
Prevalence rate and predilection sites
With regard to the prevalence rate and predilection sites of coenuri, 23 out of 25 739 goats inspected in the slaughterhouse (0.09%) revealed one or more visible swellings on the different skeletal muscles and visceral organs. Of the affected carcasses, 13 were found in spring and 10 in summer. The swellings were soft and pitted on pressure and varied from 2.1 cm × 3.4 cm to 8.5 cm × 10.2 cm. Clear watery fluid and whitish clusters of scolices were visible through the thin and transparent wall of the coenuri (Figure 1 ). As shown in Figures 2 and 3 , the coenuri were found mainly in the muscles of the thigh (15) and neck and shoulder region (10), whilst less frequently in the subcutaneous tissues and perineal fat (5) and abdominal muscles (3). Although the coenuri were usually observed at the superficial surfaces of affected muscles, they sometimes extended very deep into the muscles, especially in the neck region.
A total of 68 coenuri were recorded in a single carcass, with most located in the skeletal muscles. Single coenuri were found in the diaphragm, the intercostal muscles, the right lung, the pelvic cavity and at the base of the tongue (Figure 2 ). Single coenuri were also located in the tunica adventitia of the aorta above the base of the heart and close to the parotid gland. The brain was infected with three coenuri, of which two occurred in the occipital lobe of the right hemisphere and the other in the anterior part of the cerebrum near the olfactory lobe. Cerebral coenuri were detected in two of the 23 infected goats (n = 2/23, 8.69%). In another case, the parietal lobe of the left cerebrum was infected with a single coenurus . None occurred in the spinal cord.
Macroscopic and histopathologic findings
Coenuri in the brain caused damage to surrounding tissues, including thinning of the cerebral grey and white matter owing to focal pressure atrophy and liquefactive necrosis. The meninges were hyperaemic and oedematous, and microscopically there were degenerative and necrotic lesions in the brain. Within the brain, sections of coenuri of various shapes were surrounded by marked eosinophilic necrotic tissues, degenerated neutrophils and mononuclear cells. A zone of chronic cellular reaction consisting of Langhans giant cells and mononuclear cells was present on the outer layer and a capsule of fibrous connective tissue enclosed the whole coenurus (Figures 3 and 4) . Cerebral tissues around the coenuri revealed hyperaemia, perivascular cuffing predominantly comprising mononuclear cells, neuronal degeneration, demyelination, neuronophagia, satellitosis, diffuse microgliosis and astrocytosis. In the skeletal muscles, the metacestodes caused mechanical destruction with associated degenerative and necrotic changes, hyalinisation, and focal to diffuse inflammatory cell infiltration that included lymphocytes and eosinophils. In the lung, the coenurus caused atelectasis and focal interstitial fibrosis in the pulmonary parenchyma around the coenurus.
Trustworthiness
The investigators who undertook the gross observations and histopathological studies in the present study were unaware of the experimental design and grouping details. The histopathological studies performed blind by three different pathologists.
Discussion
Infection by the larval stage of the tapeworm T. multiceps in small ruminants is common worldwide (Oryan et al. 2010; Shivapraksh & Thimma Reddy 2009; Uslu & Guclu 2007) , but rare in horses (ed. Fraser 1991), cattle (Avcioglu et al. 2011) and humans (Webbe 1994) . Reports from Asian countries note the central nervous system and skeletal muscles as the main predilection sites in the intermediate hosts (Alim et al. 2002; Gosh et al. 2005; Islam et al. 2006; Moghaddar 2007; Oryan et al. 2010; Sharma & Chauhan 2006) . These sites have not been reported as often from countries outside Asia, for example in Sudan (Hago & Abu-Samra 1980; Ramadan, Magzoub & Adam 1973) , Oman (El Sinnari et al. 1999) and Namibia (Bohrmann 1990 ).
Cerebral coenurosis occurs principally in sheep whilst extracerebral coenurosis is more common in goats. The clinical signs of the cerebral form include ataxia, hypermetria, blindness, head deviation, stumbling, paralysis, and head pressing and circling, and may be confused with other nervous diseases. The mortality rate may reach 100%. In most cases, animals with muscle infections remain without clinical symptoms and are diagnosed only at slaughter (Soulsby 1982) . In rare cases, treatment is administered (Verster & Tustin 1990 ). Praziquantel and albendazole have been reported to be effective, with cure rates of 60% -85% in humans (Verster & Tustin 1982) . Coenuri in the skeletal muscles may cause muscular pain or impairment of movement and eventually result in recumbency (Sharma & Chauhan 2006) . Locomotory disorders in the hind limbs may be related to pressure on the sciatic nerve caused by coenuri (Ramadan et al. 1973 ).
The present study has investigated the prevalence and pathologic characteristics of coenurosis in slaughtered goats in Kerman Province, Iran. The prevalence of coenurosis was recorded as 0.09% (n = 25 739). The main tissues infected by coenuri were the muscles of the thigh, shoulder and neck, and less frequently the abdominal muscles, subcutaneous tissues and cerebrum. Single coenuri were found in the diaphragm, tongue, intercostal muscles, lung, parotid area and tunica adventitia of the aorta in a severely infected goat. The occurrence of coenuri in the tongue, parotid area and tunica adventitia of the aorta is reported here for the first time, although Gharagozlou, Mobedi and Akhavan (2003) described pulmonary coenurosis previously in goats from Iran. In addition, their phylogenetic analysis of mitochondrial deoxyribonucleic acid (CO1 and ND1) showed that C. gaigeri and Coenurus cerebralis were not different species. In the present study, the location of coenururi in the central nervous system and other extra-cranial tissues (e.g. the skeletal muscles and subcutaneous and visceral organs) was observed. This finding supports the hypothesis that C. cerebralis and C. gaigeri are not different species. Genetic characterisation and phylogenetic position is a diagnostic tool for identification of various species of metacestodes (Huttner et al. 2008) . Godara et al. (2011) reported simultaneous coenuri in the cerebrum and liver of goats but found no coenuri in the skeletal muscles or subcutaneous tissues. They also concluded that C. cerebralis and C. gaigeri are not different species. In other studies with regard to goats, coenuri were reported only from subcutaneous and skeletal muscles. Patro et al. (1997) found coenuri only in the subcutaneous tissues of goats. Shivapraksh and Thimma Reddy (2009) reported an outbreak of multiple subcutaneous coenuri in a herd of goats. They identified the subcutaneous coenuri as C. gaigeri because of their extra-cranial locations (i.e. in the neck, prescapular region, abdomen and limbs). Jain and Shah (1982) described that the subcutaneous location is an uncommon site for coenuri in sheep when compared to the brain and spinal cord.
In our study, histopathological findings in the skeletal muscles included degenerative and necrotic changes, hyalinisation and myositis, which are in agreement with a previous report (Oryan et al. 2010) . In addition, the coenuri in the cerebrum caused perivascular cuffing, neuronal degeneration, demyelination, neuronophagia, satellitosis, diffuse microgliosis and astrocytosis. Similar findings were described in previous studies (Godara et al. 2011; Nourani & Pirali Kheirabadi 2009; Oryan, Moghaddar & Gaur 1994) .
In this study, no significant difference was observed between the prevalence of coenurosis during the spring and summer (10 infected goats in spring and nine in summer). The observation is in agreement with that of Sharma, Singh and Tiwari (1998) , who described C. cerebralis infections in sheep not to be associated with seasonal variation, but rather to occur throughout the year. Cancedda et al. (2002) showed that coenurosis incidence in Sardinia was highest during spring and the autumn. In Jordan, Abo-Shehada et al. (2002) reported 11 of 12 infected heads during spring and autumn. The survival of the T. multiceps eggs in pasture, distribution of the final host and grazing behaviour of the intermediate hosts are factors that influence the rate of infection (Desouky, Badawy & Refaat 2011) . The difference with regard to incidence in the different agro-climatic zones may be attributed to diverse geographical, sociological and ecological factors (Sharma & Chauhan 2006) .
Conclusion
The present study has indicated various predilection sites in coenurosis, including the brain, the skeletal muscles and other organs and tissues. The finding points to C. cerebralis and C. gaigeri being synonyms for the larval stage of T. multiceps in various animal species. Further studies are necessary to clarify the tendency of coenuri to occur in the subcutaneous tissues, skeletal muscles and visceral organs of goats.
